Background: Limited data exist on the extent of specific functional sequelae, including acquired communication disorder, among Aboriginal stroke survivors, making planning of multidisciplinary services difficult. Aims: To obtain estimates of the extent and profile of acquired communication disorder in Aboriginal and non-Aboriginal adult stroke survivors in Western Australia and investigate potential disparities in receiving in-hospital speech pathology services among survivors with acquired communication disorder. Methods: Stroke cases surviving their first stroke episode during 2002-2011 were identified using Western Australiawide person-based linked hospital and mortality data, and their five-year comorbidity profiles determined. The mid-year prevalence of stroke cases with acquired communication disorder was estimated for 2011. Regression methods were used to investigate determinants of receiving speech pathology services among acquired communication disorder cases. Results: Of 14,757 stroke survivors aged 15-79 years admitted in 2002-2011, 33% had acquired communication disorder (22% aphasia/dysphasia) and 777 (5.3%) were Aboriginal. Aboriginal patients were more likely to be younger, live remotely, and have comorbidities. A diagnosis of aphasia was more common in Aboriginal than non-Aboriginal patients 15-44 years (p ¼ 0.003). A minimum of 107 Aboriginal and 2324 non-Aboriginal stroke patients with acquired communication disorder lived in Western Australia in 2011. Aboriginal status was not associated with receiving inhospital speech services among acquired communication disorder patients in unadjusted or adjusted models.
Introduction
In Australia, the Aboriginal and Torres Strait Islander population (hereafter Aboriginal; 3% of the population) has a threefold higher occurrence of stroke compared with other Australians. 1, 2 Acquired communication disorders (ACDs), including aphasia, dysarthria, cognitive communication disorder, and apraxia of speech, are common consequences of stroke 3, 4 but little is known about the extent of ACD in Aboriginal stroke survivors in Australia.
This study aims to estimate the extent and profile of ACD in Aboriginal and non-Aboriginal adult stroke survivors in Western Australia (WA) and investigate potential disparities in receiving in-hospital speech pathology services among survivors with ACD. It forms part of a mixed methods research project 5 which aims to determine the impact of ACD on Aboriginal Australians.
Methods
All admissions to WA hospitals 2002-2012 in people aged 15-79 years with a discharge diagnosis of stroke or hemiplegia in any diagnosis field were extracted from administrative hospital records. Using the WA data linkage system, 6 all admissions and death records for these individuals going back 20 years were accessed to form a person-linked file of events to December 2012.
The first stroke admission in 2002-2011 was considered the index admission. Follow-up hospital admissions were collected to 31 December 2012. Patients discharged alive were retained for the main analysis.
Diagnostic codes for ACD recorded on index episode of care and during follow-up were identified from ICD-10 codes while Australian Classification of Health Interventions procedure codes captured whether any speech pathology interventions (SPIs), including assessments and therapeutic services, were undertaken during admission ( Table 1 shows codes). Procedure codes are not specific to ACD.
Remoteness of residence was categorized using the Accessibility/Remoteness Index of Australia-Plus. 7 The (area-level) Index of Relative Socio-economic Disadvantage 8 was used to categorize cases into SES quintiles. The ''Getting-Our-Story-Right'' flag 9 was used for defining Aboriginal status. A five-year lookback period was used to establish a history of prior (or current) admission for a range of chronic conditions and to calculate the Charlson Co-morbidity Index (CCI). 10 
Statistical methods
Patient characteristics were compared in three broad age-groups. Prevalence of stroke-related ACD and receipt of SPIs since index admission was estimated for 2011 as a proportion of stroke survivors 15-79 years still alive on 30 June 2011.
Univariate and multivariate binary logistic regression models were used to determine the characteristics influencing receipt of SPIs during the index episode in patients with an ACD diagnosis. Four additional regression analyses were run, restricted, respectively, to (1) incident, (2) uninsured, (3) rural, and (4) Aboriginal patients.
Ethics approvals
Ethics approval was obtained from relevant Human Research Ethics Committees (WA Department of Health, Edith Cowan University, University of WA and WA Aboriginal Health Ethics Committee).
Results
After excluding 2475 deaths at index admission, 14,755 survivors (777 Aboriginal, 5.3%; 69% principal stroke diagnosis) were included in the analysis (Figure 1 ).
Entire cohort of stroke survivors
Aboriginal patients were significantly younger, more likely to be female, and living in very remote and socioeconomically disadvantaged areas than non-Aboriginal patients ( Table 1) . Proportionally more Aboriginal patients were admitted to regional or district hospitals and as emergency admissions. In each age group, Aboriginal patients had significantly higher mean CCI scores.
Across all ages, 43.7% of stroke survivors had SPI and 33% an ACD (22% aphasia/dysphasia) recorded. Recorded SPIs were similar for Aboriginal and non-Aboriginal patients aged 45-79 years, but higher in Aboriginal patients 15-44 years (p ¼ 0.013). This appears to be driven by the significantly higher percentage of Aboriginal aphasia/dysphasia recorded in this age group (23% versus 14%; p ¼ 0.023). All-cause one-year readmissions and mortality were significantly higher in Aboriginal patients in all age groups ( Table 2) .
Comparison of Aboriginal stroke survivors with and without ACD diagnosis or SPIs
Patients aged 15-44 years with speech-related codes were more likely to be male and less likely to be initially admitted to a tertiary hospital for their index admission (35% versus 54%) ( Table 3 ). Over all ages, but particularly in older people, those with speech codes were less likely to be from very remote areas (45.9% versus 59.7%). Almost three-quarters of patients 65-79 years were admitted to rural hospitals. Although numbers are small, the data suggest higher levels of discharge to residential care among those with speech-related codes and similar levels of discharges against medical advice (3.5% overall).
In the youngest age-group, a five-year history of drug and alcohol admission was significantly higher in those with a speech code. Mean length of stay was substantially longer in those with speech codes. 
Prevalence estimates

Determinants of having a SPI recorded among ACD patients
After adjustment, the strongest factors associated with no recorded SPIs were younger age, nonteaching metropolitan public and private hospitals, dementia, and 2002-2006 period ( Table 4 ). Having >1 ACD diagnosis, incident event, emergency admission, lack of health insurance, atrial fibrillation, and hypertension were predictors of recorded SPIs. Having a subtypespecific stroke diagnosis increased the odds of having a speech procedure code more than twofold. Aboriginal status was not a determinant of having SPI recorded.
Generally, the odds ratios from the models for restricted subcohorts were similar. There was no time period effect for Aboriginal patients.
Discussion
Notwithstanding variation and measurement error in administrative data, our data suggest similar levels of ACD in Aboriginal and non-Aboriginal stroke patients, with possible higher aphasia occurrence at younger ages. Very remote patients are underrepresented among Aboriginal patients having speech codes. This may reflect poorer access to SP diagnostic and therapeutic options in rural hospitals with language/cultural issues challenging accurate diagnosis of ACD.
We found receipt of SPI among those with ACD diagnosis was not related to Aboriginal status, suggesting that if diagnosed, in-hospital access to some level of SP service is provided in WA hospitals irrespective of Aboriginality. However, many of the risk factors for not receiving services are more common in Aboriginal patients. Specified stroke type was strongly predictive of receiving SPI, likely reflecting the link between more intensive investigations (allowing subtype to be identified) and referral to SP. Other studies strongly suggest disparities in speech/language assessment and services exist. 11, 12 Audits of stroke hospitalizations identified Aboriginal patients as less likely to be assessed by speech pathologists within 48 h than other Australians. 12 A qualitative study conducted in metropolitan WA found none of 13 Aboriginal ACD participants had received ongoing SPI after discharge from hospital. 11 The calculated prevalence of 107 Aboriginal people in WA with ACD in 2011 is likely to be an underestimate. However, this estimate provides a foundation for planning SP and associated services. The demographic and clinical profile of Aboriginal ACD patients, as found for heart disease, 13 needs consideration when designing SP services and indeed all stroke services for Aboriginal patients. Innovative models will be required to deal with the tyranny of distance from specialist centers, appropriate speech pathology workforce, and assessment tools. The strengths of this study include it being person and population based and the focus on an underresearched condition in an underserviced population. However, our findings are based on unvalidated administrative codes which may not accurately capture ACD and SPI, particularly across cultural and language differences. No validation studies for aphasia/ ACD codes could be found in the literature; a hospital-based validation study of dysphagia 14 found the codes to be relatively specific but insensitive. Despite the likely underascertainment of ACD cases, such codes have been used in the United States to estimate trends in incidence 15 and costs associated with aphasia. 16 In the current study, receipt of SPI in ACD cases also included services for dysphagia, so these estimates should be interpreted with caution. International Journal of Stroke, 11(1)
Conclusion
Our estimates of case numbers should be considered minimum estimates of ACD in this case group.
The relatively low numbers of Aboriginal stroke patients with ACD, their relative youth, higher burden of comorbidities, and more remote residency are challenges for SP/rehabilitation service design and workforce development. However, the data should inform the design of models to improve provision of appropriate SP services for Aboriginal Australians.
